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ABSTRACT
The production of charmed particles has been studied using 3.5 milllion hadronic
Z decays collected by the DELPHI collaboration at LEP between 1992 and 1995.












(2460) orbital states are measured in c and b quark jets separately. Evidence
for a radial state D

0








In the spectroscopy of charmmesons, the D and D

ground states are well established





have been clearly observed so
far
1)
. For mesons containing heavy and light quarks (Qq) and in the limitwhere the
















of the light component are separately conserved by the strong interaction
2)
. This
heavy quark symmetry, together with quark potential models used for lower mass










. The D and D

correspond to the two degenerate levels of the





(L = 1, j
q
= 1=2) states are estimated. The narrow j
q
= 3=2 states are measured.










































































































(L = 0, j
q
= 1=2) state. The L = 1 orbital excitations are grouped into two
degenerate levels with j
q
= 1=2 and j
q
= 3=2. The j
q
= 1=2 states decay through an
S-wave and are expected to have a large decay width, whereas the j
q
= 3=2 states
decay through a D-wave and are narrow. This scheme is summarized in Table 1 for





(2460) have been observed with
decay widths of about 20 MeV/c
2











. Orbitally excited beauty mesons are expected to
present a similar scheme.
In addition to these orbital excitations, radial excitations of heavy mesons



















respectively, with a 10-25 MeV/c
2
uncertainty on the mass predictions
4)
. A more
recent relativistic quark model, which requires no expansion in function of the light-





an agreement of better than 20 MeV/c
2
for the observed charm orbital states
5)
.





are expected to be into D and D

,
respectively, but decays into D
()
 or through an intermediate orbital excitation are
not excluded. Decays with a single pion in the nal state would require a P-wave
transition and should be suppressed. Figure 1 shows the expected spectrum of the
various D mesons with their decay modes involving S-, P- or D-wave transitions.
The production of orbitally and radially excited charmed states are dis-









in cc and bb events show that charm states of heavier
Figure 1: Spectroscopy of non-strange D mesons. The shaded areas show predicted





decays involving a 
meson or  pair are not shown.
masses should contribute to the observed rates of ground states D mesons
1
. Then
















nal state a narrow




2 Tagging of c and b quark jets
The DELPHI detector consists of several independent devices for tracking, calorime-
try and particle identication
7)
. A total of 3.5 million hadronic Z decays events
was obtained from the 1992-1995 data at centre-of-mass energies close to the Z mass.
This corresponds to 1.2 (1.5) million c (b) quark jets produced. Charmed mesons
from Z! bb events were distinguished from those in cc events by considering both
their energy and lifetime informations.
In bb events each bottom quark fragments into a B hadron which subse-
quently decays to a D meson, whereas in cc events charmed mesons are directly
produced in the fragmentation process. This dierence in the hadronisation leads
to a larger energy of D from primary charm quark (22 GeV in average) and a softer
spectrum from bottom quark events (14 GeV in average).
1
Throughout the paper charge-conjugate states are implicitly included and the pion from the
D
+




The apparent decay length L, or proper time t = L M(D)=p
t
(D), of
the reconstructed D mesons are also ecient variables to select bb enriched samples.
For a D
0
meson from charm quark fragmentation, t is the D
0
proper decay time
and is on average 0:4 ps
1)
. For a D
0
from B decay, t is usually larger than
the mean B lifetime of 1:6 ps
1)
. From the simulation, selecting D
0
decays with
t > 1 ps would retain about 10% from cc events and 60% from bb events.
Due to the relatively long lifetimes of charmed and bottom particles, the
heavy avour events are characterised by the presence of secondary vertices. A
variable P
E
was dened as the probability that all charged particle tracks detected
in the event came from the primary vertex
7)
. This variable was much smaller in
bb events than in cc or light quark events. Typically a 90% purity was achieved for
60% of bb events by selecting P
E
values less than 10
 2
.
3 Charm counting in cc and bb events




, lead to the production
rates quoted in Table 2. Isospin conservation suggests equal production rates of
charged (cd) and neutral (cu) D mesons in the fragmentation of charm quarks in




rates could arise from the




decay rates. The D
+











 while, due to their masses, the D
0























(c) is dened as the probability for a charm quark to fragment into a
primary charged D or D

meson (assumed equal to f
u
(c)), then the probabilities for











































is dened as the ratio
of the vector meson rate to the total vector+pseudoscalar meson rate. The Y value
can be obtained for cc events from a t to equation 1 using the result from Table 2:
V
V + P
= 0:620  0:014(stat) 0:014(syst) 0:025(BR) ; (2)
at four sigma below the naive spin counting expectation of 0.75, suggesting an
eventual production of D

and D mesons from decays of higher D mass states.










































1.089  0.027  0.039 1.315  0.035  0.053 -0.34
Table 3: Measured D
J










) DELPHI 2:0  0:6 (stat) 4:8  2:0 (stat)
OPAL 5:0  1:5 (stat+ syst) 4:7  2:7 (stat+ syst)
ALEPH 2:3  0:7 (stat+ syst) < 2:0 (95% C:L:)
f(c! D
J
) DELPHI 1:9  0:4 (stat) 4:7  1:3 (stat)
OPAL 2:1  0:8 (stat+ syst) 5:2  2:6 (stat+ syst)
ALEPH 1:6  0:4 (stat+ syst) 4:7  1:0 (stat+ syst)
CLEO 1:8  0:3 (stat+ syst) 1:9  0:3 (stat+ syst)
theory 1.7 2.4





production in c and b quark jets






































: a total of 7400
D
+
was obtained. High purity (' 90%) bb and cc samples were selected separately
using both the energy and lifetime informations. Any additional pion of momentum
larger than 1  1:5 GeV/c and charge opposite to that of the D
+








vertex. The pion selection eciency was estimated to be about 60%.











































) invariant mass distribution is presented





) pairs is observed between 2.4 and 2.5 GeV/c
2









) mass spectrum was tted as the



















is the pion mass and ,  and  are































































function and a Gaussian describing the experimental mass resolution. Fixing the
mass and width of both resonances to their world average value
1)







was 166  37 (245  37) in the bb (cc) enriched sample.
Knowing from the simulation the eciencies and purities in both bb and
cc samples, the production fractions of both D
J
states are reported in Table 3. They
are found in agreement with other CLEO and LEP measurements
10)
, as well as a
theoretical estimate of direct D
J
production in charm quark fragmentation
11)
.
5 Search for a radially excited D meson





produced in the same direction as the D
+








. The additional pions were required to have a momentum larger than







binations belonging in bb or cc enriched samples were selected. The reconstructed
























This gave a resolution of about 6 MeV/c
2
and no bias, according to the simulation.






candidates is presented in Figure 3.









































not show any excess. A binned maximum likelihood t to the mass distribution













  )) for the background, with
 set to 340 MeV/c
2
, and a Gaussian function with free parameters to describe the
narrow peak. The tted number of events was 66  14(stat). The tted width was
7  2(stat) MeV/c
2
, in agreement with the expected resolution, and the average
mass was found to be 2637  2(stat)  6(syst) MeV/c
2
, where the systematic er-
ror was evaluated from a t to the narrow D
J
resonances of the previous section.
About (57 10)% of these events were selected in the cc enriched sample. A Breit-
Wigner form was also used to t the signal shape, giving a 95% C.L. upper limit of
15 MeV/c
2
for the full decay width of the resonance.








) with an expected mass of about 2630   2640 MeV/c
2 4; 5)
. It is however
important to stress that recent theoretical computations of the expected width would
predict a much larger value for such a radial excitation
13)
.
The production rate of D

0





































= 0:49 0:18(stat) 0:10(syst): (3)
This can be compared with models of primary hadron production which predict
0:16  0:01
11)
or 0:25  0:02
14)
for cc events. The measured value in Z decays,
where both cc and bb events contribute, is larger than these expectations but has a
large uncertainty.
6 Conclusion
The study of charm meson excited states can still be improved at LEP. Other decay
channels (into D or DK) can also be used in DELPHI. The study of the production
rate of both narrow and broad D
J
states can be achieved in B semileptonic decays,
maybe providing a nice way to evaluate the mass and width of the broad states.
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